Background and Purpose-Inflammation may contribute to cognitive impairment after stroke. Inflammatory markers are associated with hippocampal atrophy. We tested whether markers of inflammation, erythrocyte sedimentation rate (ESR), and serum levels of C-reactive protein are associated with reduced hippocampal volume and poor cognitive performance among stroke survivors. Methods-We analyzed 368 consecutive cases from our prospective study of first-ever mild-moderate stroke patients. MRI, cognitive tests, and inflammatory markers were determined. Patients were reevaluated 6 and 12 months after the event. Results-ESR remained unchanged in follow-up examinations, suggesting a chronic inflammation background in some patients. Higher levels of C-reactive protein and ESR were associated with worse performance in cognitive tests, particularly memory scores. This association was maintained for ESR (but not C-reactive protein) after adjustment for confounders (P=0.002). Patients with smaller hippocampi had inferior cognitive results. Moreover, in a multivariate regression model, higher ESR values (but not C-reactive protein) were related to reduced hippocampal volume (P=0.049).
L ow-grade systemic inflammation occurs commonly in aging 1 and has been implicated as an important mechanism underlying cognitive impairment in the elderly. 2 Inflammatory markers are known to be associated with dementia, particularly Alzheimer's disease (AD) and stroke, 3 but (almost) no data are available in regard to their involvement in vascular cognitive impairment. 4 The major risk factors for stroke, such as atherosclerosis, hyperlipidemia, and obesity, are associated with systemic as well as brain inflammation. 5 Systemic inflammation may lead to a primed inflammatory environment in the brain prior to stroke occurrence, 5 which could aggravate the consequences of ischemia. Additionally, central inflammation may adversely affect learning and memory through hippocampus remodeling. 6, 7 We hypothesized those subjects who exhibit elevated background inflammation may have smaller hippocampus, or have reduced brain reserve, and may be more prone to develop cognitive impairment after stroke.
Here, we report on the association between inflammatory markers, hippocampal volume, and cognitive functions.
Methods
Patients were consecutive eligible participants with mild-moderate stroke or transient ischemic attack in our prospective TABASCO (Tel Aviv Brain Acute Stroke Cohort) study. 8 Approval was obtained from the local Ethics Committee, and participants signed informed consent forms.
Between April 2008 and February 2012, a total of 479 consecutive patients were admitted to our center within 72 hours after onset of symptoms with a diagnosis of transient ischemic attack or first-ever mild-moderate stroke and met the study inclusion/exclusion criteria. Neurological assessment includes verification of stroke pathogenesis and the NIH Stroke Scale. Participants who had MRI scans within 7 days from symptoms onset without temporal lobe infarcts and who had no evidence of inflammatory condition within 72 hours were included (n=255; see Figure I in the online-only Data Supplement).
All patients completed a baseline neuropsychological assessment (Montreal Cognitive Assessment (MoCA) and Mindstreams computerized neuropsychological battery). 9 Venous blood was drawn for erythrocyte sedimentation rate (ESR), serum C-reactive protein (CRP), plasma fibrinogen, and white blood cell count at baseline and repeated 6 and 12 months later.
To test the hypothesis that elevated ESR and CRP were associated with smaller hippocampal volume and cognitive scores, multiple linear regression models were carried out.
Detailed Methods are provided in the online-only Data Supplement. 
1434

Stroke
May 2013
Results
Associations Between Inflammatory Markers and Hippocampal Volume
The Figure) . Tests with Bonferroni correction analysis of variance revealed that lower and upper quartiles differed significantly across all time points (P=0.002). No association was found between CRP, white blood cell count, or fibrinogen and hippocampal volume.
Associations Between Inflammatory Markers and Cognitive Performance
Elevated ESR was associated with inferior performance in the computerized total cognitive (r=-0.160, P=0.045), memory (r=-0.189, P=0.017), visuospatial (r=-0.164, P=0.042), and the MoCA (r=-163, P=0.023) score.
As hippocampus plays a key role in memory formation, we tested the association of ESR with memory scores after controlling for age, sex, hypertension, diabetes mellitus, dyslipidemia, total intracranial volume, presence of apolipoprotein E ε4 (ApoE ε4) allele, NIH Stroke Scale, years of education, hematocrit, body mass index, and time from symptom to blood sampling, in a multiple regression analysis (β=0.451, SE=6.023, P=0.002; see Table II in the online-only Data Supplement).
Elevated CRP levels were associated with decreased performance in the total cognitive (r=-0.283, P<0.001), memory (r=-0.173, P=0.029), visuospatial (r=-0.259, P=0.001), and verbal function scores (r=-0.236, P=0.003), but the association vanished after adjustment. No association was found between CRP and MoCA scores.
Decreased cognitive performance was associated with elevated white blood cell count in the total cognitive (r=-0.180, P=0.024) and the memory (r=-0.179, P=0.025) scores, but vanished after adjustment. No association was found between white blood cell count and MoCA scores.
Fibrinogen concentrations were related to lower MoCA and visuospatial scores (r=-0.193, P=0.015; r=-0.202, P=0.024, respectively).
Among the inflammatory markers, only ESR remained significant contributor to memory performance after adjustment. 
Discussion
We found higher ESR values to be associated with worse performance in cognitive tests and with reduced hippocampal volume in stroke survivors, whereas no association was observed with CRP. As ESR values did not change significantly in 1 year, they likely represent chronic systemic inflammatory processes, rather than a consequence of the acute event, whereas CRP levels were significantly higher on admission compared with 6 and 12 months poststroke. These findings are in line with a previous report that higher ESR levels were associated with decreased cognitive performance in healthy young adults. 10 ESR has largely been ignored in the context of inflammation and cognition. It is less subject to rapid changes than other inflammatory markers, such as CRP, and, accordingly, is likely to be a more stable indicator of chronic inflammation. 11 These findings raise the possibility that many individuals with cerebrovascular ischemic events harbor a long and persistent proinflammatory background. Elevated ESR levels and reduced hippocampal volume may be related to higher age. Nevertheless, age was entered as a potential covariate, whereas ESR still emerged as a significant contributor to both hippocampal volume and memory scores. The mechanisms by which peripheral inflammatory markers relate to hippocampal volume remain unclear.
Our study only included mild-moderate stroke patients, who are expected to perform cognitive tests and be available for follow-up. We also acknowledge the lack of normal controls.
Future studies should focus on the specific inflammatory patterns associated with aging and brain atrophy to identify modifiable factors that may confer risk for accelerated poststroke cognitive aging.
Whether lowering inflammation and ESR can also prevent poststroke cognitive decline 12 needs to be addressed in further clinical trials.
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Cognitive decline after stroke: relation to inflammatory biomarkers and hippocampal volume
Supplemental methods
Study population
Patients were consecutive eligible participants with mild-moderate stroke or transient ischemic attack (TIA) in the TABASCO (Tel Aviv Brain Acute Stroke Cohort) study 1 .
TABASCO is a prospective cohort study. Patients over 50 years of age within 72 h of symptoms onset were included in the study. Ethical approval was obtained from the Ethics Committee of the Tel Aviv Medical Center and participants gave written informed consent in accordance with the Declaration of Helsinki. Patients were excluded as previously Participants who had magnetic resonance imaging (MRI) scan within 7 days from stroke symptoms onset were included in the present investigation (n=368). Participants who refused or were unable to undergo an MRI showed higher incidence of diabetes mellitus (33.3% vs. 20.7%, p=0.033), but did not differ significantly from those who had MRI in age (68. 8 Individuals, whose baseline inflammatory markers were not available and/or had evidence of inflammatory condition or infection within 72 hours from stroke symptoms onset, were excluded. This left a total of 255 subjects for complete analysis of baseline inflammatory markers, cognitive results and MRI data ( Figure S1 ).
Cognitive assessments:
We included all participants who were reportedly free from cognitive decline before the event (determined by the IQCODE, Informant Questionnaire on Cognitive Decline in the 
Blood tests:
Venous blood samples were drawn within 72 hours from stroke symptoms onset (onset and collection time were recorded), and biomarkers were measured, including the erythrocyte sedimentation rate (ESR), concentrations of C-reactive protein (CRP) in the serum, plasma fibrinogen and white blood cell (WBC) count. Inflammatory biomarkers determinations were repeated at 6 and 12 months after the event.
MR protocol and image analysis:
Participants were scanned within 7 days from stroke symptom onset in a 3T General Electric scanner (GE Signa EXCITE, Milwaukee, WI, USA) using an 8-channels head coil. The protocol included: Axial fast spin-echo (SE), T2-weighted images (WI) (TR/TE = 001110001 msec), fluid-attenuated inversion recovery )TR/TE/TI=10000/110/2500msec) and gradient echo T2* WI (TR/TE = 325/15msec). All axial slices were prescribed on the same orientation, covering the whole brain, with 4 mm slice thickness and no gap, aligned along the fourth ventricle-orbitofrontal orientation.Additionally high resolution 3D T1-WI Spoiled Gradient Recalled Acquisition (SPGR) acquired in axial and coronal orientation.
Volumetric analyses of the hippocampal and intracranial volume were performed using the FreeSurfer V4.5 image analysis suite which is documented and freely available for download online (http://surfer.nmr.mgh.harvard.edu). It is an automated well established software tool for all brain segmentation and cortical parcellation based on probabilistic atlas and intensity values 4, 5 . The complete FreeSurfer analysis pipeline was performed with manual intervention and quality assurance of the data.
Statistical Analyses:
Continuous variables were analyzed for normality and displayed as mean (+SD). The SPSS cross tabs and descriptive procedures were used to produce frequencies of categorical variables. Pearson or Spearman correlations were used to assess relationships between levels of inflammatory markers and demographic or clinical variables. As CRP and ESR were highly skewed, logarithmic transformation was used to partly normalize the distribution for statistical analysis.
To test the hypothesis that elevated ESR and CRP levels were associated with smaller hippocampal volume, 2 sets of multiple linear regression models were carried out. To assess the relationship between inflammatory markers and cognitive domains, 2 sets of multiple linear regression models were carried out. First, unadjusted regression (correlation) coefficients were calculated (the same model 1 confounders mentioned above, data not shown). The second model further accounted for possible confounders by adjusting for factors associated with cognitive domains in crude analyses (p < 0.10), and memory scores as the dependent variable (Table S2 ). Since the variable hypertension was highly correlated with the actually measured blood pressure at admission and the variable dyslipidemia was highly correlated with cholesterol, HDL and LDL levels, we only included hypertension and dyslipidemia in the regression model to avoid co-linearity. SPSS/WIN (version 19.0, SPSS, Chicago, IL, USA) software was used to carry out all statistical analyses.
Supplemental results
The etiologies of the patients were as follows: 114, lacunar stroke; 14, large-artery atherosclerotic stroke; 25, cardioembolic stroke; 28 stroke of other or undetermined etiology, 74 patients presented with TIA. No differences in inflammatory biomarkers were observed between stroke subtypes and they were therefore grouped together for further analyses. 
WBCC
Total WBC counts were elevated on admission compared with 6 and 12 month measures [WBC median (IQR) 8 X 10 9 /l (6.8-9.6) on admission vs. 6.9 (6-8.7) at 6 months and 6.8 Figure   Figure S1 : Flow chart of study population that included in analyses.
Supplemental tables
